Parent-offspring conflict theory predicts that offspring desertion would be adaptive for parents when the fitness costs related to investment in the current brood exceed the expected fitness benefits. In several seabirds, a fixed parental care period has been observed, and a preprogrammed fixed parental care period could be a general life-history trait evolved because of parent-offspring conflict. A recent study suggested that this could also be the mechanism by which hosts could discriminate against brood parasitic chicks that need longer care periods, by abandoning a brood when the parental care period passed the one typically needed by their own brood (i.e., discrimination without recognition). Here, we experimentally tested if a fixed parental care period also existed in magpies (Pica pica), the primary host of the great spotted cuckoo (Clamator glandarius). None of the experimentally prolonged magpie broods were deserted, and neither were any of the control or shortened broods. These results suggest that a preprogrammed parental care period is not a general trait in birds and support the idea that brood parasitism could be a selective pressure for optimal (short) parental care periods to evolve, but only in species where brood parasitic nestlings need a longer care period than host nestlings (which was not the case for the great spotted cuckoo). Furthermore, nestlings reared by parents with prolonged parental care period showed a slower development. Increasing provisioning costs, reduced sensitiveness to begging signals, or sexual conflict could cause this result, upholding parental care periods as a challenging matter of research.
IntroductIon
Parental care is costly to parents because parental investment in current reproduction implies a reduction in the number of future offspring (Clutton-Brock 1991; Alonso-Alvarez and Velando 2012). Thus, natural selection favors parents that optimize the balance between investment in current and future reproduction. However, natural selection also favors offspring that are able to obtain more investment than is optimal for the parents to provide, which provokes parent-offspring conflict over the provision and duration of parental care (Trivers 1974) . Parent-offspring conflict theory predicts that offspring desertion would be adaptive for parents when the fitness costs related to investment in the current brood exceed the expected fitness benefits (Winkler 1991; Székely et al. 1996; Ward et al. 2009 ). In fact, desertion in response to partial egg predation has been reported in many animal taxa (Coleman et al. 1985 ; Armstrong and Robertson 1988; Winkler 1991; Jennions and Polakow 2001; Ackerman and Eadie 2003; Zink 2003; Ward et al. 2009 ).
When hosts of brood parasites are successfully parasitized (i.e., they receive one or more parasitic eggs in their nests), they are forced to care for unrelated young, which imposes high fitness costs on them. Thus, there is a strong selective pressure on hosts to evolve defenses against brood parasites. Indeed, many host species have evolved good discrimination ability against parasitic eggs (Davies 2000) and some of them against parasitic chicks (reviewed in Grim 2006 Grim , 2011 Soler 2009 ). Parasitic eggs are frequently rejected by removing the parasitic egg from the nest and sometimes by nest desertion; chick discrimination most frequently involves nest desertion (Grim et al. 2003; Langmore et al. 2003; Sato et al. 2010; Tokue and Ueda 2010; Delhey et al. 2011) and physical ejection of a parasitic nestling by grasping it with its beak has only been reported in 1 brood parasite-hosts system in Australia (Sato et al. 2010; Tokue and Ueda 2010) .
Egg rejection is the most common and effective host defense against brood parasitism (Rothstein 1990; Johnsgard 1997; Davies 2000) . Removal of parasitic eggs from the nest has unequivocally Behavioral Ecology evolved against brood parasitism, but nest desertion not necessarily. In many host species, desertion of parasitized nests could occur in response to egg loss due to partial nest predation performed by the brood parasite (Kosciuch et al. 2006 ), but some studies strongly suggested that nest desertion was a specific response to brood parasitism. For instance, some small-sized hosts of the common cuckoo such as the Bonelli's warbler (Phylloscopus bonelli), which are not able to eject parasitic egg, show a high desertion rate of experimentally parasitized nests (50%; Martín-Vivaldi et al. 2012) . Also, a higher proportion of nests was deserted by meadow pipits (Anthus pratensis) when a cuckoo dummy was presented near the nest at the same time as the experimental egg was introduced into the nest (Moksnes et al. 1993 ). Furthermore, hosts of larger size, such as the great read warbler (Acrocephalus arundinaceus), presented a higher desertion rate of naturally parasitized nests compared with nonparasitized nests (Bártol et al. 2002) .
Conventional theory posits that discrimination (of either eggs or chicks) is based on recognition that requires relatively complex cognitive and behavioral capacities (Stokke et al. 2005; Soler et al. 2012) , which would depend on an internal representation or recognition template of the appearance of parasitic eggs or chicks (Hauber and Sherman 2001) . However, one of the pioneering studies mentioned above found that reed warblers (Acrocephalus scirpaceus) were able to discriminate against common cuckoo (Cuculus canorus) nestlings without specifically recognizing them ("discrimination without recognition hypothesis"; Grim et al. 2003) . Grim et al. (2003) provided correlative evidence that the cue provoking cuckoo chick discrimination was the duration of the nestling period, given that the cuckoo nestling needs a longer parental care period than reed warbler nestlings (18 vs. 11 days; Grim 2007) . Reed warbler foster parents stopped feeding and abandoned cuckoo nestlings in 15.8% of the parasitized nests, always when their parental care period had passed the one typically needed by a reed warbler brood (Grim et al. 2003) . In a subsequent experimental study, by creating experimental nests with "shortened" and "prolonged" parental care periods by means of cross-fostering warbler chicks of different ages, Grim (2007) found that desertions only occurred in nests under the prolonged experimental treatment and that 22% of reed warbler broods in which the parental care period was prolonged were abandoned. These results strongly support the discrimination without recognition hypothesis. The fact that results obtained in experimentally manipulated host broods were similar to those reported in nests naturally parasitized by common cuckoos suggests that the same proximate mechanisms function in both parasitized and nonparasitized reed warblers nests Grim (2007) .
The proximate mechanism of chick discrimination by reed warblers seems to be that the time span of parental care is internally "preprogrammed" to a maximum that is equivalent to the parental care period needed by a reed warbler brood (Grim et al. 2003; Grim 2007) . Thus, discrimination without recognition can be either a specific antiparasitism adaptation that evolved during parasite-host coevolution or a nonspecific general life-history trait that evolved during parent-offspring conflict ). According to the second possibility, discrimination without recognition does not need to be the result of the coevolutionary interactions between hosts and brood parasites as is the case for other instances of egg or chick discrimination (Davies 2000; Langmore et al. 2003; Soler 2009 ). According to parent-offspring conflict theory (Trivers 1974) , it would be adaptive for parents to stop feeding nestlings, which are especially reluctant to abandon the nest. In fact, the duration of the nestling period has been suggested to be under hormonal control (i.e., prolactin; Silverin and Goldsmith 1990) , and so a decrease of the level of prolactin in plasma when the appropriate duration of nestling care has been exceeded, would provoke brood desertion, as was also suggested by Grim (2007) to explain his experimental results with reed warblers. This idea of a hormonal control has been supported by previous experimental results showing that mothers decided to terminate parental care after a fixed amount of time independently of offspring demands both in some precocial small-sized mammals Trillmich 2007, 2008) and in some seabirds (Johnsen et al. 1994; Catry et al. 2006; Riou et al. 2012 ) (but see Discussion).
Theoretically, a similar result could be expected in other altricial species, whether hosts of brood parasites or not. Here, we replicate the experimental work made by Grim (2007) in reed warblers using the magpie (Pica pica), the primary host of the brood parasitic great spotted cuckoo (Clamator glandarius), as model species to determine whether magpies also have a fixed time span of parental care. Parasitism by great spotted cuckoos cannot have selected for nest desertion in magpies when the parental care period is prolonged because great spotted cuckoo nestlings leave the nest at least 5 days before magpie nestlings do (Soler and Soler 1991) . Thus, if magpies desert nests with experimentally prolonged nestling periods, this would demonstrate that the mechanism proposed to explain the rejection of cuckoo nestlings (i.e., that the time span of parental care has been fixed) is the result of nonspecific general life-history traits that evolved as a result of parent-offspring conflict but is not the consequence of selective pressures exercised by brood parasitism. However, the opposite result would suggest that fixed parental care periods are not a general life-history trait and that chick desertion could evolve as a response to selection pressures exercised by brood parasites that need a longer parental care period as their hosts.
MaterIal and Methods

Field and experimental procedures
This study was conducted in the Hoya de Guadix (southern Spain; 37°10′N, 3°11′W), a high-altitude plateau (approximately 1000 m a.s.l.) with cereal crops (especially barley), groves of almond trees (Prunus dulcis), and some areas with holm oak trees (Quercus rotundifolia). Further information on the study area can be found elsewhere (Soler 1990; Soler et al. 1998 ).
The fieldwork was performed during the 2009 and 2012 breeding seasons. We found a total of 140 magpie nests in 2009 and 133 in 2012. Parasitism rate was 59.3% and 52.6%, respectively, for 2009 and 2012. After a nest was located, it was visited at least 3 times each week to record egg laying and daily during the days when hatching or fledging was expected in order to determine hatching date and fledging time exactly. The date of fledging was considered the day that none of the nestlings were found in the nest and no signs of predation were observed in the nest.
Following Grim (2007) , we performed a cross-foster experiment in a subset of nests to force parents to care for nestlings for prolonged or shortened parental care periods. Grim (2007) also manipulated brood sizes (1-and 4-chick broods) in order to rule out the possibility that a single-nestling brood could be the main factor responsible for nest desertion. This manipulation was not necessary in magpies because a previous experimental study showed that single-nestling broods, whether parasitic or not, were never deserted by magpies (Soler and de Neve 2013). We consider the parental care period as the number of days between the day that the first egg in the nest hatched (always referring to the original brood) and the day that the last nestling fledged (referring to the original brood in control nests, but to the cross-fostered brood in experimental nests).
We created 3 treatment groups: 1) prolonged parental care period, 2) shortened parental care period, and 3) control. In experimental nests of the prolonged parental care period (hereafter: "prolonged treatment," N = 14), a younger brood (mean ± standard error [SE]: 6.7 ± 0.3 days) was changed to a nest originally containing an older brood (11.8 ± 0.6 days, i.e., mid-nestling period in magpies). Later, when this new brood reached the age of about 14 days (14.5 ± 0.5), it was exchanged again by a younger brood (7.1 ± 0.3 days). This last brood was then monitored until fledging. We made 2 changes of broods to avoid the situation that, after cross-fostering, magpies were suddenly confronted with a brood that differed too much from the one they had. In experimental nests of the reduced parental care period (hereafter: "shortened treatment," N = 16), an older brood (13.1 ± 0.5 days) was changed to a nest containing originally a younger brood (6.9 ± 0.2 days). Nests of the control treatment (N = 27) received the same number of visits and procedures as nests of the experimental groups except for the cross-fostering.
Due to predation, sample sizes were slightly reduced to 12, 15, and 26 nests for prolonged, shortened, and control treatments, respectively.
Brood size was between 2 and 6 chicks (4.3 ± 0.2, N = 57) and did not differ between experimental groups (Anova, F 2,54 = 0.33, P = 0.72).
During 2012, nests were followed up in more detail and nestlings were measured soon before fledging, when on average 19.8 ± 0.6 days old: the tarsus length with a digital calliper (precision 0.01 mm), the wing length with a ruler (precision 1 mm), and body mass using a portable electronic balance (precision 0.1 g) or a pesola spring balance (precision 0.5 g).
Statistical analyses
Differences in parental care period between experimental treatments were analyzed with a generalized linear mixed model (GLMM) with year as a random factor.
Further analyses were done with data from 2012. A generalized linear model (GLM) was applied to test for differences in brood reduction (i.e., the number of chicks dying during the nestling period) and fledging age between experimental treatments (fixed factor), with fledging date (i.e., reflecting timing in the breeding season) and brood size considered as covariates, as both variables might affect nestling growth and development.
To test for differences in wing length and tarsus length of nestlings just before fledging (dependent variables), GLMMs were fitted with the experimental treatment as fixed factor and fledging date, brood size, and the age of the nestlings as continuous predictors. Nest identity was considered as a random factor to account for the nonindependence of nestlings from the same nest. Effects of the treatment on the physical condition of nestlings was analyzed with the same model, in which body mass was the dependent variable and tarsus length was added as an extra covariate to the model.
Degrees of freedom of mixed models were estimated with the Kenward-Roger method.
Analyses were performed in SAS 9.3 (SAS Institute Inc., 2002-2010, Cary, NC), and figures were made in STATISTICA 7.0 (StatSoft Inc., 1984 -2004 . Values are means ± SE.
Ethical note
In order to create experimental broods, magpie nestlings were cross-fostered by carefully transporting them by car in an artificial cotton nest lined with tissues maintaining the temperature between 25 and 30 °C. Transfer of chicks between nests usually took less than 15 min and all of them were accepted by the new parents. No chick died during transportation or after the experiment, and none of the nests from which chicks were taken or introduced was deserted. Previous studies in the same population showed that growth rates, final weights, and survival until fledging were very similar for cross-fostered and non-cross-fostered nestlings (Soler and de Neve 2013) . Predation rate was very similar between prolonged, shortened, and control treatments (GLM, [error = binomial, logit link] χ 2 (2) = 1.44, P = 0.48); thus, our experimental methods did not attract predators.
Research was conducted according to actual national (Real Decreto 1201/2005, de 10 de Octubre) and regional (permissions provided yearly by la Consejería de Medio Ambiente de la Junta de Andalucía) guidelines. Fieldwork was licensed by the Andalusian authority for wildlife protection (DGGMN; ref.: SGYB/FOA/ AFR/CFS 15/03/2012).
results
None of the nests were deserted. All experimental nests, except for 4 due to predation, fledged their young.
Parents from the prolonged treatment significantly cared for a longer time for their brood, whereas those from the shortened treatment cared for a shorter time for their brood, compared with those from the control treatment (GLMM, F 2,41 = 135.18, P < 0.0001; Figure 1 ).
The full model explained significant variation in brood reduction (i.e., the number of chicks dying during the nestling period, mean ± SE: 1.1 ± 0.16 chicks; GLM, adjusted R 2 = 0.25, F 4,36 = 4.41, P = 0.0053). Brood reduction occurred in 13 out of 41 fledged nests in 2012. However, brood reduction did not differ between experimental treatments (GLM, F 2,36 = 0.16, P = 0.85; Figure 2A ), was not affected by timing in the breeding season (GLM, F 1,36 = 0.18, P = 0.67), and was positively related to initial brood size (GLM, F 1,36 = 15.92, P = 0.0003, estimate 0.34).
The age at which nestlings left the nest (i.e., fledging age) was marginally significantly explained by the full model (GLM, adjusted R 2 = 0.13, F 4,36 = 2.55, P = 0.055). When looking at individual predictors, the experimental treatment resulted significant (GLM, F 2,36 = 3.79, P = 0.032), with nestlings from the prolonged treatment tending to leave the nest later than those of the shortened and control treatment ( Figure 2B ). Furthermore, fledgling age was positively related with the number of fledglings in the nest (GLM, F 1,36 = 4.06, P = 0.051, estimate 0.46) and negatively with fledging date (GLM, F 1,36 = 4.78, P = 0.035, estimate −0.15).
Just before fledging, nestlings did not significantly differ between treatments in their physical condition (GLMM, F 2,35.5 = 0.71, P = 0.50; Figure 3A ) and the number of nestlings in the nest was the only variable in the model significantly affecting nestling physical condition (GLMM, F 1,37.5 = 9.18, P = 0.0044, estimate = −4.86).
However, nestlings from the prolonged treatment had less developed plumage (i.e., wing length, GLMM, F 2,33.6 = 6.63, P = 0.0037, Figure 3B ) and tended to have smaller tarsi just before fledging (GLMM, F 2,31.8 = 2.12, P = 0.14; Figure 3C ) compared with nestlings from the control and shortened treatment. None of the other variables included in these models explained significant variation (all P > 0.12). 
dIscussIon
Very few studies have focused on the duration of the nestling period despite its great biological importance (i.e., related to nestling development and predation risk; Remeš and Martin 2002) . Furthermore, parental investment and parent-offspring conflict theories predict that parents should favor potential future reproduction against present parental investment when the duration of present care exceeds the optimal nestling period (Trivers 1974; Verboven and Tinbergen 2002) . This hypothesis received experimental support in a reed warbler population heavily parasitized by the common cuckoo (Grim 2007) , in the highly precocial domestic guinea pig (Cavia aperea f. porcellus) and cavies (C. aperea) and in several Least square means (±SE) of (A) brood reduction (i.e., number of nestlings that died during the nestling period) and (B) fledging age (i.e., the age at which nestlings were not seen any more inside the nest) in nests with a shortened, control, and prolonged parental care periods.
Shortened
Control Prolonged (Johnsen et al. 1994; Catry et al. 2006; Trillmich 2007, 2008; Riou et al. 2012 ). This means that in these species parents do not adjust the duration of the nestling period depending on the requirements of their offspring. For example, Manx shearwater's (Puffinus puffinus) parents reduced their feeding frequency to nestlings after the time span of the mean nestling period had passed, even when younger experimentally cross-fostered nestlings were hungry and begged at a high intensity (Riou et al. 2012 ). This parental strategy in which parents are insensitive to begging signals of their nestlings has been interpreted as a consequence of parent-offspring conflict because it would protect parents against exploitative nestlings (Riou et al. 2012 ). However, we found that prolonged magpie broods were as successful in terms of fledging success as control or shortened broods in spite of the fact that our experimental treatment was more exaggerated than the one applied in reed warblers (increase of parental care period = 62% in magpies vs. 43% in reed warblers). In fact, none of the prolonged magpie broods were deserted. Although desertion is unequivocally a parental decision, leaving the nest can be provoked by any or both parties, parents, or offspring. Our results show that the duration of parental care is influenced by the state of development of nestlings, which has also been found in some altricial rodents (Swanson and Campbell 1980; König and Markl 1987; Lichtman and Cramer 1989) , marsh tits (Parus palustris), pied flycatchers (Ficedula hypoleuca) (Nilsson and Svensson 1993) , and zebra finches (Taeniopygia guttata; Rehling et al. 2012) . This suggests that the chicks themselves decide when to fledge once they have reached the appropriate state of development, given that once out of the nest, a fledgling could have a competitive advantage because it would be able to approach its parents and obtain more feedings (Nilsson and Svensson 1993) . Thus, there seems not to be any kind of hormonal control of the duration of parental care in magpies and some other species, upholding the theories about optimal parental care period as a challenging matter of research.
In the few seabird species in which was shown that parents maintain a fixed time of duration of the nestling period independently of nestlings requirements, it has been suggested that this strategy has been selected because these are long-lived species and a prolonged nestling period may carry high costs to parents in terms of future reproductive success (Johnsen et al. 1994; Catry et al. 2006) . So, why do reed warblers (a short-lived species) abandon nestlings that remain in the nest beyond the normal fledging date and magpies and zebra finches do not? The present study was not designed to provide an answer to this question, but results point in the direction of the possibility that nestling abandonment could have evolved in this reed warbler population as a consequence of selection pressures triggered by common cuckoo brood parasitism, which was very frequent (Grim et al. 2003; Grim 2007) . Desertion of an own brood would imply an enormous cost, and thus, natural selection would not favor to abandon nests in which fledging time is delayed by only 1 day as was the case in Grim's study population. However, considering that parasitism rate is high and that delayed fledging only occurs in parasitized nests, this scenario could select for nest desertion of broods in which fledging is retarded because in all cases, the occupant of deserted nests would be a parasitic nonrelated cuckoo.
Here, we studied magpies in a heavily parasitized population, but it is however not surprising that parasitism by great spotted cuckoos has not selected for nest desertion when the parental care period is prolonged, because great spotted cuckoo nestlings leave the nest several days before magpie nestlings do (Soler and Soler 1991) .
Another important reason that could explain why magpies do not abandon nestlings that remain in the nest beyond the normal fledging date might be related to the outcome between costs and benefits of extending the duration of the nestling period. Prolonging the period of parental care for a few days can be beneficial because it might compensate, for example, for a period of low ingestion rate provoked by adverse weather conditions. However, the costs of such a prolongation are probably not very high because the onset of a subsequent brood is not compromised. Magpies, in our study area, with very warm and dry weather already in June, never initiate a second breeding attempt and only initiate a reposition clutch when they lose their eggs early in the breeding cycle (i.e., during egg laying or early incubation; Soler et al. 1999) . Thus, the benefits of an extended parental care period are most likely higher than the costs, and hence natural selection would not favor to abandon nests in which fledging time is delayed by a few days. Furthermore, our results showed that nestlings reared by parents with prolonged parental care period showed slower development of wing length (Figure 3) , which was also found in marsh tits (Nilsson and Svensson 1993) . Similarly, Rehling et al. (2012) reported that zebra finch nestlings from a prolonged parental care treatment fledged with a lower body mass. This slower development might be due to increasing provisioning costs for the parents, which probably intensified in magpies due to a decrease of food availability late in the breeding season. Another possibility related to the parent-offspring conflict theory is that parents, after an excessively prolonged nestling care period, could become less sensitive to the begging signals of their offspring (Thorogood et al. 2011; Riou et al. 2012) . Also a sexual conflict might arise when the parental care period is prolonged, in which one sex does decrease its parental effort resulting in slower development of the nestlings. However, further research is necessary to study the costs to parents of prolonged care and how possible conflicts are resolved.
In conclusion, parental care period is not preprogrammed in magpies. Our results demonstrate that magpie parents (as was the case for some other species, see above) adjust the duration of care according to offspring requirements instead of a fixed period of time. This means that magpie parents have not evolved selfdefensive strategies against exploitative nestlings, probably because several factors may prevent nestlings to delay fledging, such as a higher vulnerability to predation in the nest and the benefits of leaving the nest earlier than their nest mates (see above). Given that the time of leaving the nest is determined by the chicks themselves and that they prefer to fledge soon, the intensity of conflict over the care period between magpie parents and their offspring is probably very low. With respect to brood parasitism, our results suggest that the evolution of an optimal parental care period could be triggered by brood parasitism in the case that the parental care period of brood parasite nestlings is longer than that of host nestlings.
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